EXTERNAL DISPLAY DEVICE OF REFRIGERATOR AND METHOD FOR 
CONTROLLING THE SAME 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an apparatus for and a 
method of externally displaying the operating state of a 
refrigerator, and more particularly to an external display 
device of a refrigerator which is configured to achieve a 
serial data transfer with a control unit of the refrigerator. 
Also, the present invention relates to a method for 
controlling such an external display device. 

Description of the P f - iog * Art 

Hpme^lectronic appliances such as refrigerators are very 
widely ^ised ^y a variety of consumers having a variety of 
tastes. In orde^to satisfy such various tastes of consumers, 
manufacturers of such home electronic appliances manufacture 
appliances having multiple functions. 

For example, in the case of refrigerators, many 
development efforts have been made to add auxiliary functions 
to the basic functions of a refrigerator, or to provide a 
function for selectively using the basic functions of the 
refrigerator, thereby providing a power saving function to the 
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refrigerator . 

One^>f such auxiliary function^ is to display information 
associated with the current operating state of a refrigerator 
or other states, thereby enabling a user to recognize those 
states. The present invention relates to an external display 
device having such a function. 

The externally displayed information may include the 
current temperature and set temperature of a refrigerating or 
freezing compartment, an indicator based on the amount of 
generated cold air, the use or non-use state of the 
refrigerating or freezing compartment or a fresh compartment, 
and erroneous states of elements required for a freezing' 
cycle. 

w, problemsX involved in conventional external display 
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devices employed in\ refrigerators will be described, 

FI G. 1 is a block d iagram ii^^s^^a-tirn^thB^^nf iguration 
of a refrigerator to which a ponventional exte rnalNd isplay 
device is applied 

As shown ik FIG. 1, the refrigerator includes sensors SI 
and S2Vdapted to\sense the temperature of a refrigerating or 
freezing compartment a compressor 16 operating for a freezing 
operation of the reft igerator , a fan motor 17 operatively 
connected to the compressor 16 and adapted to circulate cold 
air through the refrigerating or freezing compartment, and a 
defrosting heater 18 adapted\to remove frost formed before and 
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after the freezing operation. 

The refrigerator also includes a microprocessor 12 for 
controlling operations of the compressor 16, fan motor 17 and 
defrosting heater 18 in accordance with temperatures detected 
5 by the sensors SI and S2, buffers 13 and 14 for temporarily 

storing data output from the microprocessor 12, and ten signal 
lines LI to L10 for transmitting data output from the buffers 
13 and 14 in a parallel manner to an external display device 

p 20. 

m 

y3 10 The microprocessor 12 and buffers 13 and 14 constitute a 

jr control unit 10, along with another buffer 15 which will be 

' described hereinafter ♦ 

As shown in FIG. 2, the external display device 20 is 
mounted on the outer surface of a refrigerator door. The 
15 external display device 20 is configured to display a key 

manipulation of the user and the current state of the 
refrigerator. This external display device 20 includes a 
plurality of light emitting elements LED1 to LEDn, and a 
plurality of diodes Dl to Dm. These light emitting elements 
20 LED1 to LEDn and diodes Dl to Dm are connected in a combined 

manner to the signal lines LI to L10 adapted to transmit data 
output from the control unit 10. For example, the light 
emitting element LED1 is coupled between the first and seventh 
signal line LI and L7 whereas the light emitting element LED2 
25 is coupled between the second and seventh signal line L2 and 
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L7. 

Accordingly, the light emitting elements LED1 to LEDn 
turn on selectively, to perform a light emitting operation, in 
accordance with parallel data from the buffers 13 and 14 
5 applied thereto via the ten signal lines LI. The diodes Dl to 

Dm turn on selectively by the parallel data applied thereto. 

The external display device 20 also includes a plurality 
of keys Kl to K12. These keys Kl to K12 are connected to 

G signal lines in a manner similar to that in the case of the 

m 

yrl 10 light emitting elements LED1 to LEDn. For example, the key Kl 

j= is coupled between the first and eleventh signal lines LI and 

ifi Lll whereas the key K2 is coupled between the first and 

y twelfth signal lines LI and L12. 

!T; The diodes Dl to Dm serve to prevent backward current 

O 15 from being generated. 

m When one of the keys Kl to K12 is selected by the user, 

a key signal in the form of voltage is generated. This key 
signal is sent to the microprocessor 12 which, in turn, 
detects the selected key based on the key signal. 

20 The signal lines Lll and L12 are also included in the 

external display device 20 in order to transmit key signals 
generated from selected keys to the control unit 10. The 
external display device 20 further includes a buffer 15 for 
temporarily storing key signals received from the signal lines 

25 Lll and L12 and then outputting the key signals to the 
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microprocessor 12. 

A supply voltage source 11 is also provided to supply a 
drive voltage to the microprocessor 12. 

FIG. 2 is a perspective view illustrating the outer 
5 construction of a general refrigerator in which the external 

display device 20 is installed. 

As shown in FIG. 2, the external display device 20 is 
mounted on the outer surface of a refrigerator door 25 
hingably mounted to a refrigerator body by a hinge. The 
10 control unit 10, which serves to control the operation of the 

refrigerator, is mounted in the inner portion of the 
refrigerator body. The control unit 10 also serves to control 
the external display device 20. 

The external d ^s^Iay~~dev-i ce 20 is coupled to the control 
15 unit 10 by signal^ines LI to L12. The signal lines LI to L12 
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extend through ^\hinge hole 3l/formed at the hinge, 

y$*p^ f a s W nal \P^ocess > ing operation of the external 
display device having the above-mentioned configuration will 
be described. \ 

Tlie light emitting operation of the light emitting 
elements LED1 to \EDn based on data output from the 
microprocessor 12 wil\be first described. 



WJtien the microprocessor 12 receives signals from the 
\j sensors SI and S2 indicative of the temperature of a 

25 refrigerating or freezing compartment, it determines the state 
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of the refrigerator and then controls operations of the 
compressor 16, fan motor 17 and defrosting heater 18 in 
accordance with an appropriately set program. 

The microprocessor 12 also sends data to be displayed, 
such as the compartment temperature or current operation state 

Via- 

of the refrigerator, to the external display device 20 af a 

A 

selected one of output terminals OUT1 to OUT10 in the form of 
a signal of a certain voltage level. 

The output signal is temporarily stored in the buffers 13 
and 14 and then transmitted to the external display device 20 
mounted on the refrigerator door 25 via a selected one of the 
signal lines LI to L10. Based on the transmitted signal, a 
selected one of the light emitting elements LED1 to LEDn emits 
light. 

As the selected light emitting element emits light in 
accordance with the above-mentioned procedure, the data output 
from the microprocessor 12 is displayed, so that the user can 
recognize the current state of the refrigerator. In this 
case, the display operation of the external display device 20 
is carried out irrespective of a key manipulation of the user. 
In other words, this case corresponds to a case in which the 
microprocessor 12 operates to display information about the 
operating state of the refrigerator, etc. in accordance with 
a program set therein. The information may include the 
refrigerating or freezing compartment temperature detected by 



the sensors SI and S2, and an indicator baaod on the amount of 

A- 

generated cold air. 

Now, a\signal transmission procedure will be described 
whichC/ proceeos from the point of time when the user 
manipulates an optional key on the external display device 20 
to -the point of time when the microprocessor 12 of the control 
unit 10 detects the selected key. 

The microprocessor 12 sequentially outputs high-level 
signals at its output terminals in such a manner that there is 
no data collision in the signal lines LI to L12 along which 
data inputting/outputting is carried out. The outputting of 
a high-level signal is carried out under the condition in 
which the microprocessor 12 recognizes the output line to 
which the signal is transmitted. 

When the user selects an optional key on the external 
display device 20, a current path is established between the 
selected key and the microprocessor 12 via one of the eleventh 
and twelfth signal lines Lll and L12. Accordingly, the signal 
output from the microprocessor 12 flows along the established 
current path, so that it is fed back as an input key signal to 
the microprocessor 12 via the signal line Lll or L12. Based 
on the input key signal, the microprocessor 12 detects the 
selected key. 

Where the input key signal is associated with a certain 
control, the microprocessor 12 carries out the control. Where 
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the input key signal is associated with a display of certain 
information, the microprocessor 12 detects the state of the 
refrigerator associated with the information to be displayed 
and outputs a signal for driving light emitting elements 
selected to display the information. The outputting of the 
signal is carried out in the same manner as mentioned above. 

Thus, information according to the key selected by the 
user is displayed on the display panel of the external display 
device 20. 

Therefore, in accordance with the external display device 
of the refrigerator, the user can recognize the operating 
state of the refrigerator without opening the door of the 
refrigerator. It is also possible to apply a signal for 
adjusting the operating state of the refrigerator to the 
control unit of the refrigerator without opening the door of 
the refrigerator. 

However, the above-mentioned conventional external 
display unit ^uses a parallel communicat i og_ ^system for 
communications between the external display unit and control 
unit. Due to the use of such a parallel communication system, 
an increase in the number of functions to be displayed results 
in an increase in the number of signal lines to transmit 
signals associated with those functions. However, such an 
increase in the number of signal lines is problematic. 



s shown in FIG. 2, the signal lines LI to L12, which are 
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used to transmit sugnals between the control unit 10 mounted 
in the refrigeratory body and the external display device 20 
attached to the outen surface of the refrigerator door, extend 

X/7 



Btte^te- such a 



through the hinge hole 31 of the hinge 30. 
configuration, an increase in the number . of signal lines 



results in a dif f iculty\ in inserting those signal lines into 



th e hinge hole 3 1 . Fur thermore , the limited size of the hinge 

hole 31 limits the numben of signal lines inserted into the 

\ . * ' 

hinge hole 31. This results in a limitation in the quantity 

of data to be displayed on the external display device 20. 

Where the external displ\y device 20 is spaced apart from 

the coWtrol unit 10 by a great\ distance , signal lines having 

a great length - should be used, ^his results in an increase in 

the manufacturing costs. 



SUMMARY OF THE INVENTION 



/Therefore^, an object of the invention is to provide an 
external display device of a refrigerator having a 
configuration capable of achieving a desired data transmission 
while using a minimum number of signal lines having a minimum 
length, and a method for controlling the external display 
device . 



the present inventio; 
A- 

provides an external display device of a refrigerator 



In accordance with one aspect, the present invention 

A- 
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comprising: a display unit mounted on an outer case of the 
refrigerator, the display unit reco gnizing a k^ y^input and 
converting the recognized ke y i nput into serial data, while 
decoding a display control signal indicative of an operating 
5 state of the refrigerator and executing a display operation 

based on the decoded signal; control means for converting the 
display control signal into serial data and outputting the 
converted display control signal, while decoding a key signal 
received from the display unit and executing a control based 

10 on the decoded key signal; and data signal line means adapted 

to transmit data between the display unit and the control^ 
means in a serial manner. 

In accordance with another aspect, the present invention 
provides a method for controlling an external display device 

15 of a refrigerator adapted to display an operating state of the 

refrigerator while enabling a key selection for controlling 
the refrigerator, comprising the steps of: determining whether 
a right of data transmission is assigned to the external 
display device or to a control unit of the refrigerator; 

20 converting, into serial data, a signal indicative of an 

operation state of the refrigerator when the data transmission 
right is assigned to the control unit while converting, into 
serial data, a key input signal when the data transmission 
right is assigned to the external display device, and 

25 outputting the resultant data; and inputting the output data, 
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decoding the data, and executing a control based on the 

decoded data. ^TfiboA lPf\&rfr frf 

In accordance with the present invention, both the 
control - unit of the refrigerator and the external display 
device - have control means for controlling data 
transmission/reception . 

The data transmission/reception by the control means is 
carried out in a serial manner. In particular, the data 
transmission/reception is carried out in an asynchronous 
serial data transmission manner using three or four lines or 
in a synchronous serial data transmission manner using five 
lines. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and aspects of the invention will become 
apparent from the following description of embodiments with 
reference to the accompanying drawings in which: 

FIG. 1 is a block diagram illustrating the control 
circuit — -qonf iguration of a refrigerator to which a 
(conventional) external display device is applied; 



FIG. 2 is a perspective view illustrating a general 
refrigerator to which/€he^conventional) external display device 
is applied; 

FIG. 3 is a block diagram illustrating the control 




circuit configuration of a refrigerator to which an external 
display device according to an embodiment of the present 
invention is applied; 

FIG. 4A is a diagram illustrating a format of data 
5 transmitted between the first and second microprocessors shown 

in FIG. 3; 

FIG. 4B is a diagram illustrating the bit string of each 
portion of data having the format of FIG. 4A; 

^JEZGr: — i a a — flow — chart illustrating a procedure for 

10 selectively assigning the right of data transmission to the 

fn 

^ first and second microprocessors of FIG. 3 in accordance with 

fS the present invention ; 

' — FIG. 5D is a flow chart illustrating direct data 
transmission and reception carried out between the first and , 

LH fa ^mboSmenrof 

fc* \J 15 second microprocessors shown in FIG. 3 in accordance with the ^^J ^£ 
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present invention; 

FIG. 6A is a block diagram illustrating a system for 
connecting the control unit of the refrigerator and external 
display device in an asynchronous four-wire manner in 

* a second 

YP 20 accordance with^&rrcrrtr©* 1 - embodiment of the present invention; 

A- 

and 

FIG. 6B is a block diagram illustrating a system for 

connecting the control unit of the refrigerator and external 

display device, in a synchronous five-wire manner in accordance 

V) 25 with a nother embodiment of the present invention. 

\ 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Referring to FIG. 3, the configuration of a refrigerator 

V/ to which an external display device according to the present 

X? 5 invention is « appli etr: 

A 

The portion of the configuration shown in the left 
portion of FIG. 3 corresponds to a configuration for operating 
the refrigerator and controlling this refrigerator operation. 
First, this configuration will be described. 

10 As shown in FIG. 3, the refrigerator includes sensors Sll 

and S12 respectively adapted to sense the temperature of a 
refrigerating or freezing compartment, a compressor 116 
operating for a freezing operation of the refrigerator, a fan 
motor 117 operatively connected to the compressor 116 and 

15 adapted to circulate cold air through the refrigerating or 

freezing compartment, and a defrosting heater 118 adapted to 
remove frost formed before and after the freezing operation. 

The refrigerator also includes a first microprocessor 112 
for controlling operations of the compressor 116, fan motor . 

20 117 and defrosting heater 118 in accordance with temperatures 

detected by the sensors SI and S2 . The first microprocessor 
112 has an output terminal Tx for outputting data in a serial 
manner and an input terminal Rx for iiT^ ^i^g ^ta in a serial . 
manner. Another output terminal INT is also provided at the 

25 first microprocessor 112. An interrupt signal is output at 
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the output terminal INT. Normally, the first microprocessor 
112 outputs a high-level signal at the output terminal INT 
When the first microprocessor 112 outputs data at its output ( 
terminal Tx or -niyuLS" data at its input terminal Rx, it ( 

inverts the signal output at its output terminal INT from a / 

high level to a low level, thereby outputting an interrupt 
signal informing of the generation of an interruption. 

The three input /output terminals Rx, Tx and INT of the 
first microprocessor 112 are coupled together at a node P. 
The node P is coupled to a first signal line Llll adapted to 
transmit data between the first microprocessor 112 and the 
external display decree — n"^ n r ti. mg to the prese n 1 " 1 rwij^n±^Lj=m 

This — e xternal — displery device , which — ±s- — denoted 5y tire-- 

jjs-f-e a ence numera l 3rH FIG -. 2L, m ill be de£J<Ji ibeti- 

-hei elnaf te« The node P is also coupled to a pair of diodes 
Dll and D12 and a pair of resistors Rl and R2 . The diodes Dll 
and D12 are connected in the same direction between a supply 
voltage Vdd and a ground voltage. 

The first signal line Llll, which is a data signal line, 
extends through a hinge hole 131 of a hinge 130 mounted to a 
refrigerator body of the refrigerator so that it is connected 
to the external display device 200. 

The refrigerator further includes a voltage source unit 
111 for supplying supply and ground voltages to the first 
microprocessor 112. The first microprocessor 112 receives the 
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supply voltage Vdd from the voltage source unit 111 via a 
second signal line L112 and a ground voltage Vss from the 
voltage source unit 111 via a third signal line L113. 

The second" and third signal lines L112 and L113 also 
5 extend through the hinge hole 131 of the hinge 130 so that it 

is connected to the external display device 200. 

The first microprocessor 112, diodes Dll and D12 and 
resistors Rl and R2 constitute a control unit 100 for 
controlling the operation of the refrigerator. 

10 Now, the configuration of the external display device 200 

will be described. 

The external display device 200 includes a second 
microprocessor 221 adapted to perform data transmission and 
reception with the first microprocessor 112 of the control 

15 unit 100. 

The second microprocessor 221 receives serial data from 
the first microprocessor 112 at its input terminal Rx via the 
signal line Llll. The second microprocessor 221 also outputs 
data at its output terminal Tx so that the output data is sent 

20 to the first microprocessor 112 via the signal line Llll. 

Another output terminal INT is provided at the second 
microprocessor 221. An interrupt signal is output at the 
output terminal INT of the second microprocessor 221. 
Normally, the second microprocessor 221 outputs a high-level 

25 signal at its output terminal INT. When the second 
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microprocessor 221 outputs data at its output terminal Tx or 
inputs data at its input terminal Rx, it inverts the signal 
output at its output terminal INT from a high level to a low 
level, thereby outputting an interrupt signal informing of the 
5 generation of an interruption. 

The three input/output terminals Rx, Tx and INT of the 
second microprocessor 221 are coupled together at a node which 
is coupled to the first signal line Llll serving to transmit ~ 
p data between the second microprocessor 221 and the control 

10 unit 100. 

% The external display device 200 also includes buffers 222 , 

S and 223 for temporarily storing data output from the 

^ microprocessor 221, and a plurality of light emitting elements 

5 . 

^ LED1 1 to LEDn 1 connected in a combined manner to ten data 

Q 15 signal lines extending from the buffers 222 and 223. 

%Q For example, the light emitting element LED1 ' is coupled 

between the signal line E6 connected to a sixth output 
terminal of the buffer 222 and the signal line E7 connected to 
a first output terminal of the buffer 223. The light emitting 
20 element LED2 ' is coupled between the signal line E5 connected 

to a fifth output terminal of the buffer 222 and the signal 
line E7 connected to the first output terminal of the buffer 
223. 

Accordingly, the light emitting elements LED1 ' to LEDn 1 
25 turn on selectively, to perform a light emitting operation, in 
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accordance with parallel data output from the output terminals 
of the buffers 222 and 223 respectively coupled to the signal 
lines El to E10. 

The external display device 200 further includes a buffer 

Km 

224, and a plurality of keys Kl 1 to coupled between the 

A 

buffer 224 and buffer 222v The buffer 224 is an element for 
"orr tputtin g, to the second microprocessor 221, data based on a 

A 

key input generated by a key manipulation of the user. The 
keys Kl ' to K12' are connected to signal lines Lll and L12 
between the buffers 222 and 224. For example, the key Kl 1 is 
coupled between the line E6 connected to the sixth output 
terminal of the buffer 22 and the line Ell connected to a 
first input terminal of the buffer 224. The key K2 1 is 
coupled between the line E5 connected to the fifth terminal of 
the buffer 222 and the line E12 connected to a second input 
terminal of the buffer 224. 

The external display device 200 further includes a 
plurality of diodes Dl 1 to Dm 1 coupled between the lines El to 
E6 connected to the output terminals of the buffer 222 and the 
lines Ell and E12 connected to the input terminals of the 
buffer 224. The diodes Dl 1 to Dm 1 serve to prevent backward 
current from being generated when signals from the keys Kl 1 to 
Km' are applied to the buffer 224. 

When one of the keys Kl to - Kl -2* is selected by the user, 
a key signal in the form of voltage is generated. This key 



signal is sent to the microprocessor 221 which, in turn, 
detects the selected key based on the key signal. 

The second microprocessor 221 receives the supply voltage 
Vdd from the voltage source unit 111 via the second signal 
line L112 and the ground voltage Vss from the voltage source 
unit 111 via the third signal line L113. 

As mentioned above, the second and third signal lines 
L112 and L113 extend through the hinge hole 131 of the hinge 
130. 

A control operation for the external display device-' . 

having the above-mentioned configuration according to the 

^px^sent i nvpnt i on- will now be described. 

A 

First, the procedure for displaying detect signals from 
the sensors Sll and S12 and the function being currently, 
carried out in the refrigerator on the external display device 
200 under the control of the first microprocessor 112 will be 
described. 

The sensors Sll and S12 detect the temperature of the 
refrigerating or freezing compartment and other basic data to i 
be used for desired controls. The detected data -is inpuL a rt— 
the first microprocessor 112. Based on theSs^pu* ^tata , the 
first microprocessor 112 determines the state of the . 
refrigerator in accordance with an appropriately set program. 
Based on the determined state of the refrigerator, the 
microprocessor 112 drives the compressor 116 and fan motor 
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117, if desired. Where it is determined to drive a defrosting 
cycle, the microprocessor 112 drives the defrosting heater 18. 

Where it is required to display desired information on 
the external display device 200 during the control operation 
of the first microprocessor 112, the first microprocessor 112 
outputs associated data, which has a data format shown in FIG. 
4A, at its output terminal Tx . 

When the first microprocessor 112 outputs data at its 
output terminal Tx, the output signal, which is output at the. 
output terminal- INT of the first microprocessor 112, is 
inverted from a high level to a low level. That is, an. 
interrupt signal is generated which informs of the outputting 
of data from the first microprocessor 112. This interrupt 
signal is sent to a main program of the first microprocessor 
112 and the second microprocessor 221. 

The serial data output from the output terminal Tx of the 
first microprocessor 112 is sent to the input terminal Rx of 
the second microprocessor 221 included in the external display 
device 200 via the signal line Llll. 

Based on the received serial data, the second 
microprocessor 221 determines what data should be processed 
and then carries out a desired control operation. For 
example, where the serial data input at the second 
microprocessor 221 is associated with a request for the light 
emission of selected light emitting elements, the second 



microprocessor 221 converts the input serial data into 
parallel data to be output at selected ones of its output 
terminals 0UT1 1 to OUT10 1 . The output signals from the second 
microprocessor 221 are temporarily stored in the buffers 222 
and 223 and then sent to selected light emitting elements. 

Meanwhile, the second microprocessor 221 receives the 
supply voltage Vdd and ground voltage Vss from the voltage 
source unit 111 via the signal lines L112 and L113. 

^ In accordance with the above-mentioned procedure, 
\ displaying of detect signals from the sensors Sll and S12 or 
\ the function being currently carried out in the refrigerator 
| on the external display device 200 is carried out under the 
' control of the first microprocessor 112. 

That is, when a data transmission is carried out from the 
control unit 100 to the external display device 200 in order 
to display information associated with the detected 
refrigerating or freezing compartment temperature or the 
detected function execution condition, the first 
microprocessor 112 converts the detected basic information 
into serial data having the data format shown in FIG. 4A in 
accordance with the set program and then sends the serial data 
through a single signal line, namely, the signal line Llll. 

The second microprocessor 221 of the external display 
device 200 receives data from the first microprocessor 112 via 
the signal line Llll and analyzes the received data, thereby 
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performing a signal processing such as a control for 
illuminating selected light emitting elements. 

y£n order to achieve a data transmission between the 
control\init 100 and external display device 200 through the 
single signal line Llll ±n — ac cuxc fince with file present 
-i-nve ntion , ail additional signal processing procedure is used, 
as compared toNthe conventional configuration. That is, the 
data transmission according to the present invention is 
carried out by transmitting an information display command 
from the first microprocessor 112 to the second microprocessor 
221 and then transmitting information from the first 
microprocessor 112 to tire external display device 200 to 
display the information urfder the control of the second 
microprocessor 221. \ 

Now, the data transmission procedure carried out between 
the first and second microprocessors 112 and 221 in accordance 
with a key activation in the external display device 200. will 
be described. 

When the user selects an optional key on the external 
display device 200 (namely, the key is switched to its ON 
state), a current path is established in one of the lines Ell 
and E12, coupled to the input terminals of the buffer 224, 
through the selected key. 

Meanwhile, the second microprocessor 221 periodically 
outputs data at its output terminals OUT1 • to OUT10* in order 



to detect whether or not an optional key is selected by the 
user and what key is selected. 

That is, signals output from the output terminals 0UT1 ! 
to OUT10' of the second microprocessor 221 are transmitted to 
the keys via the buffers 222 and 223. When an optional key is 
in its ON state in accordance with a key selection by the 
user, the signal transmitted to the key is sent to the buffer 
224 via the line Ell or E12 connected to the key. This data 
input at the buffer 224 is then sent to the second 
microprocessor 221. Thus, the second microprocessor 221 
detects the key selected by the user. 

After detecting the key selected by the user in the 
above-mentioned manner, the second microprocessor 221 outputs, 
at its output terminal Tx, data associated with the detected 
key in the form of serial data having the format of FIG. 4A in 
accordance with a set program. 

The serial data is - input at - the input terminal Rx of the 
first microprocessor 112 via the signal line Llll. The 
microprocessor 112 then determines the function requested by 
the input key signal, so that it executes an appropriate 
control . 

That is, in order to transmit data^ based on a key 
manipulated by the user from^the external display device 200 
to the control unit 100, the second microprocessor 221 
converts the input key data into serial data having the format 
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of FIG. 4A in accordance with the set program and then 
transmits the converted data via the single signal line Llll. 

After receiving the data from the external display device 
200 via the signal line Llll, the first microprocessor 112 
analyzes the received data, thereby executing a control for 
the refrigerator based on the input key signal. 

As apparent from the above description, even for the 
control for the functions of the refrigerator based on the key 
manipulation by the user, the second microprocessor 221 
detects what key is selected by the user. The second 
microprocessor 221 also converts the detected key data into 
serial data having the format of FIG. 4 and transmits the 
converted data to the first microprocessor 112 via the single 
signal line Llll. Thereafter, the command requested by the 
user is executed under the control of the first microprocessor 
112. 

In order to detect the command, it is necessary to detect 
different portions of the serial data transmitted between the 
two microprocessors 112 and 221. For example, the header and 
trailer of the serial data should be detected. 

FIG. 4A illustrates the format of data transmitted 
between the first and second microprocessors 112 and 221 shown 
in FIG. 3. 

As shown in FIG. 4A, the data transmitted between the 
first and second microprocessors 112 and 221 consists of a 
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header portion, a command portion, a data portion and a 
trailer portion. The header portion includes a null code 
indicative of an initiation of communication. The command 
portion includes a command for the communication. The data 
portion inc.ludes data appended to the command. This data may 

f ASCII codes so that it is distinguished from 



IV ^taverxTre* form o 
y A 

other control codes. The trailer portion includes a carriage 



return code indicative of a completion of communication. 

Where data associated with a "request for detected 
10 temperatures" is transmitted between the microprocessors, a 

header and a trailer are located at the leading and trailing 
portions of the data, respectively. The command associated 
with the "request for detected temperatures" is located 
between the header and trailer of the data. In this case, 
15 there is no data appended to the command. 

On the other hand, where data responding to the "request 
for detected temperatures" is transmitted, it basically 
includes a header, a trailer, and a command associated with, 
for example, an ," indication of detected temperatures". In 
20 this case, data associated with the detected temperatures may 

be appended to the command. 

FIG. 4B illustrates the bit string of each portion of 
data having the format of FIG. 4A. 

As shown in FIG. 4B , each of the header, command, data 
25 and trailer parts of data has a main data portion of 7 bits 
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and data portions respectively preceding and following the 
main data portion while being indicative of the leading and 
trailing ends of the main data portion. The transmission of 
such data may be carried out in the order starting from the 
most significant bit (MSB) or starting from the least 
significant bit (LSB). 

As apparent from the above description, in accordance 
with the present invention, serial data having the format 
shown in FIGS. 4A and 4B is transmitted between the two 
microprocessors 112 and 221 via the single transmission line 
Llll. Since the data being transmitted has the format shown 
in FIGS. 4A and 4B, there is no data collision during the 
transmission of the data between the micpdpr^qessors 112 and 
221. 




In order to prevent any data^collision du/ing the data 
transmission, it is necessary to setec^rvely-^assign the right 
of data transmission to the microprocessors. In other words, 
the right of data transmission is assigned to a selected one 
of the microprocessors. After the transmission of data from 
the selected microprocessor is completed, the right of data 
transmission is assigned to the other microprocessor, 

Ff^y^A i\ a flow chart illustrating the procedure for 
selectively assigning the right of data transmission to the _ 
first and second microprocessors of FIG. 3 in accordance with^^ 
the present inventio 



In accordance with this procedure, it is first determined 

whether or not a transmission request flag is set in the 

subject microprocessor. That is, it is determined whether or 

not the subject microprocessor is in a transmission mode in 

which the subject microprocessor ^^^irrirbB- data i:o the counter 

A 

microprocessor (Step 301). 

determined at step 301 that a transmission 
request/flag is\set in the subject microprocessor, the subject 
microprocessor isynaintained in the current state, namely, in 
the transmission mode, because the subject microprocessor 
currently -exee-trtre-s- \a data transmission to the counter 
microprocessor in a serial interrupt mode as shown in FIG. 5B. 

However, when it is determined at step 301 that no 
transmission request flag is set in the subject 
microprocessor, it is determined whether or not there is data 
to be transmitted from the subject microprocessor to the 
counter microprocessor (Step 303). / 

Where it is determined at step 303 that- there is data to 

be transmitted, the subject microprocessor sets a condition 

for transmitting data to the counter microprocessor. In other 

words, the subject microprocessor determines whether or not 

there is a right of data transmission assigned thereto (Step 

317). Where there is no right of data transmission assigned 

to the subject microprocessor, this state corresponds to the 

state in which the counter microprocessor c?x c^^ Q ^ ^^a t a 

A- 
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transmission. In this case, accordingly, the subject 
microprocessor waits # or a mom ent: until there is a right of 
data transmission assigned thereto. 

When it is determined at step 317 that there is a right 
of data transmission assigned to the subject microprocessor, 
a buffer for temporarily storing data to be transmitted from 
the subject microprocessor is set (Step 319). Thereafter, a 
command and data to be transmitted are stored in the set 
buffer (Step 321 ) . 

jXe subject microprocessor then sets a transmission 
request rJ><ag informing the counter microprocessor of a data 
transmission fcrom the subject microprocessor (Step 323). The 
subject microprocessor subsequently sets a transmission mode 
(Step 325). After seating the transmission mode, the subject 
microprocessor executes^ transmission mode operation in the 
serial interrupt mode as shb^n in FIG. 5B. 

On the other hand, where it is determined at step 303 
that there is no data to be transmitted from the subject 
microprocessor to the counter microprocessor, it is determined 
whether or not the subject microprocessor has a right of data 
transmission (Step 305). Step 305 is necessary to prevent the 
subject microprocessor from depriving the counter 
microprocessor of the opportunity to transmit data due to the 
right of data transmission assigned to the subject 
microprocessor i n spitfr of the fact that there is no data to 
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be transmitted from the subject microprocessor. 

When it is determined at step 305 that the subject 
microprocessor has no right of data transmission assigned 
thereto, it waits until there is data to be transmitted 
5 therefrom. When it is determined at step 305 that there is a 

right of data transmission assigned to the subject 
microprocessor., it is determined whether or not the current 
^7 -p oint of - time corresponds to the point of time when the right 
of data transmission should be assigned to the counter 
10 microprocessor (Step 307). 

9? Where it is determined at step 307 that the current •prHm-fe- 

time corresponds to the point ^pZr time when the right of 
data transmission should be assigned to the counter 



mici 



roprocessor, the subject microprocessor sets a buffer for 
temporarily storing data required in executing a data 
transmission procedure for the assignment of the data 
transmission right (Step 309). Data required to inquire of 
the counter microprocessor whether or not there is data to be 
transmitted is subsequently stored in the buffer (Step 311). 
Thereafter, a transmission request flag is set in the subject 
microprocessor to transmit the data stored in the buffer. 
After setting the' transmission request flag, the subject 
microprocessor is set to its transmission mode (Step 315). 

™j^ n ^ the subject microprocessor is set to its 
^25 transmission mode at \tep 315 or 325, the data stored in the 
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buffer set at step 311 or 321 is transmitted to the counter 
microprocessor. This data transmission is carried out in the 
serial interrupt mode shown in FIG. 5B. This will be 
described in detail hereinafter. 
5 Thus, where the subject microprocessor has data to be 

transmitted, it is set to its data transmission enabling 
state. Where there is no data to be transmitted from the 
subject microprocessor, the procedure for assigning the data 
transmission right to the counter microprocessor is executed. 
JJ? 10 After completing the above procedure, a procedure is 

HF executed to determine whether or not there is data received 

§ — = 

Ul from the counter microprocessor to the subject microprocessor. 

s That is, it is determined whether or not there is data 

fy received from the counter microprocessor (Step 327). When 

i7i 15 there is no data received from the counter microprocessor, the 

subject microprocessor waits until there is data received from 
the counter microprocessor. When there is data received, a 
procedure for processing the received data is executed. 

Where it is determined at step 329 that the subject 
20 microprocessor has a right of data transmission while it is 

determined at step 327 that there is data received from the 
counter microprocessor to the subject microprocessor, the data 
received at step 327 is a message responding to a request of 
the subject microprocessor. 
25 In this case, accordingly, the received data is 
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temporarily stored in an optional buffer (Step 331). In this 
state, the data communication is continuously executed. That 
is, it is determined whether or not there is data to be 
further transmitted (Step 333). When there is further data to 
5 be transmitted, the transmission mode of the subject 

microprocessor is maintained (Step 347). 

Where it is determined at step 333 that there is no data 
\p to be further transmitted , it is determined whether or not the 

counter microprocessor requests an assignment of the data 
10 transmission right (Step 335). when the counter 

microprocessor requests an assignment of the data transmission 
right, a procedure for assigning the data transmission right 
to the counter microprocessor is executed. That is, a buffer 
for storing data required in executing the data transmission 
15 right assigning procedure is set (Step 337). Data associated 

with the request for the data transmission right assignment is 
then stored in the set buffer (Step 339). Thereafter, the 
subject microprocessor clears the data transmission right 
assigned thereto (Step 341) and then sets a transmission 
20 request flag (Step 343). Subsequently, the subject 

microprocessor sets its transmission mode (Step 345). 

Where it is determined at step 329 that the subject 
microprocessor has no data transmission right while it is 
determined at step 327 that there is data received from the 
25 counter microprocessor to the subject microprocessor, the data 
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received at step 327 is data optionally transmitted from the 
counter microprocessor. This data may be data associated with 
a certain command or simple data requesting no processing of 
certain data. 

5 Accordingly, the received data is analyzed (Step 349). 

During the analysis, it is determined whether or not there is 
data associated with the assignment of the data transmission 
right from the counter microprocessor (Step 351). 

Where it is determined at step 351 that there is an 

10 assignment of the data transmission right from the counter 

microprocessor, the data transmission right is assigned to the 
subject microprocessor (Step 365). On the other hand, where 
the received data corresponds to data inquiring whether or not 
the subject microprocessor has data to be transmitted (Step 

15 353), it is determined whether or not the subject 

microprocessor requires a data transmission right for the data 
to be transmitted. Based on the result of this determination, 
an appropriate procedure is then executed. 

That is, when it is determined at step 355 that the 

20 subject microprocessor requests an assignment of the data 

transmission right, a procedure is executed for temporarily 
storing a command associated with the request for the data 
transmission right in an optional buffer and then transmitting 
the command. This procedure involves step 367 and steps 359 

25 to 363 sequentially following step 367. 
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However, where it is determined at step 355 that no data 
transmission right is required for the data to be transmitted, 
a procedure is executed for temporarily storing the data, to 
be transmitted, in an optional buffer and then transmitting 
the data. This procedure involves step 357 and steps 359 to 
363 sequentially following step 357. 

After completing the above-mentioned procedure, a desired 
processing for data received is executed. Now, a data 
transmission procedure directly executed in the data reception 
or transmission mode will be described. 

EIG. 3J3 is a flow chart illustrating direct data 
on and reception carried out between the first and 



, iff* 

transmrssi 



second microprocessors shown in FIG. 3. 

T ^ Procedure sfKDwn in - FIG . 5B is carried out under the 
conditiVn in which a rMht of data transmission is assigned to 
the subject microprocessor in accordance with the procedure of 
FIG^ - 5A . 

In accordance with the procedure of FIG. 5B-, it is first 

A. 

determined whether the subject microprocessor is in its 
reception mode in which a reception of data is enabled (Step 
401). Where it is determined at step 401 that the subject 
microprocessor is in its reception mode, it is determined 
whether or not a trailer, which is indicative of the trailing 
end of data, is received (Step 417). 

Where it is determined at step 417 that no trailer is 
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received, the reception of data is continued until the trailer 
is received (Step 419). The received data is then temporarily ^"C 
stored in the buffer set in the procedure of FIG. ^^f(Step^ 
421). When the trailer is received, the subject 

5 microprocessor waits for a subsequent data processing because 

the current state corresponds to the state in which the 
current data reception is completed. 

On the other hand, where it is determined at step 401 

O that the subject microprocessor is not in its reception mode, 

C5 

%G 10 it is determined whether or not transmission of data has been 

eo 

*z completed, because the operation mode of the subject 

fS microprocessor corresponds to a transmission mode (Step 403). 

J" When it is determined at step 403 that the data 

JT] transmission has been completed, the subject microprocessor is 

= 15 switched to its reception mode (Step 409). In the reception 

ill 

mode, the subject microprocessor monitors whether or not there 

■=£ 

is data received from the counter microprocessor. Where it is 
determined at step 403 that the data transmission has not been 
completed yet, it is determined whether or not there is data^ 

20 to be transmitted, in the buffer set in accordance with the 

procedure of FIG. 5A (Step 405). 

When it is determined at step 405 that there is data to 
be transmitted, the data transmission is continued (Step 407). 
Where there is no data to be transmitted, a trailer is 

25 transmitted in order to inform of the completion of the data 
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transmission (Steps 411 and 413). Thereafter, the subject 
microprocessor clears the set transmission request flag, 
thereby informing its main program and the counter 
microprocessor of the completion of its data transmission 
5 (Step 415) . 

In accordance with the above-mentioned procedure, it is 
possible to appropriately transmit/receive desired data 
between the first and second microprocessors 112 and 221 
through the single data transmission line Llll without any 
10 data collision. 

FIG. 6A is a block diagram illustrating a system for 
connecting the control unit 100 and external display device 
200 in an asynchronous four-wire manner in accordance with 

0. secxmd 

y - another embodiment of the present invention. 

A-- 

15 In this case, signal lines connected between the control 

unit 100 and external display device 200 include two lines Fl 

y and F2 c o^pective - adapted to supply the supply voltage Vdd and 

the ground voltage Vss, and two independent data input /output 
lines F3 and F4. 

20 The first and second microprocessors 112 and 221 use > in 

common, the voltage input lines Fl and F2 . The line F3 , which 
is coupled to the data input terminal Rx of the first 
microprocessor 112, corresponds to the line coupled to the 
data output terminal Tx of the second microprocessor 221. On 
the other hand, the line F4, which is coupled to the data 
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output terminal Tx of the first microprocessor 112, 
corresponds to the line coupled to the data input terminal Rx 
of the second microprocessor 221. 

The output of the interrupt terminal INT of each 
microprocessor, which is inverted from a high level to a low 
level when the microprocessor transmits data, is coupled to 
the line connected to the input terminal of the 
microprocessor. 

FIG. 6B is a block diagram illustrating a system for 
connecting the control unit 100 and external display device 
200 in a synchronous five-wire manner in accordance with 
another embodiment of the present invention. 

la this case, the first and second microprocessors 112 
and 221 use ; in common, two voltage input lines Gl and G2 . This 
system further includes a line G3 for outputting a clock 
signal adapted to provide a signal synchronization during a 
data outputting operation of each microprocessor, and two data 
input/output lines G4 and G5 connected in the same manner as 
the corresponding lines of FIG. 6A. ", / P 

H-hese. ebibod mm-h df 

As apparent from the above description, the present 

A— 

invention provides an external display device of a 
refrigerator which includes a microprocessor enabling a serial 
data transmission/reception between the external display 
device and a control unit included in the refrigerator. The 
microprocessors coupled with a microprocessor 4^eiu<ted—rn 
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the control unit by two voltage supply lines and a minimum 

number of data transmission lines. Data 

transmission/reception between the two microprocessors is 

carried out in an asynchronous serial manner while using an 

A- 

appropriate data format so that each microprocessor recognizes 
the operation condition of the counter microprocessor. 
Accordingly, it is possible to simplify the configuration of 
signal lines required between the external display device and 
control unit, irrespective of the complexity of functions 
required . 

By virtue of the simplified signal line configuration, it 
is possible not only to reduce the costs, but also to improve 
the workability required in passing signal lines through a 
hinge hole to couple the external display device to the 
control unit. 

Although the preferred embodiments of the invention have 
been disclosed for illustrative purposes, those skilled in the 
art will appreciate that various modifications, additions and 
substitutions are possible, without departing from the scope 
and spirit of the invention as disclosed in the accompanying 
claims . 



